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Humanized C-erbB-2 specific antibodies 

Reld of the Invention 

The present invention lelated to the field of molecular biology in general, 
and the field of chimeric immunoglobulins in paiticular. 

S Background 

The present invention relates to altered immunoglobulin molecules in which 
at least pait of the complementarity determining regions in the light or heavy chain 
variable domains have been replaced by analogous complemmtarity determining 
region(s) from a murine antibody specific for c-eibB-2. 

10 The c-eii>-2 (HER-2) oncogene may be expressed in human breast 

carcinoma cells but is either not ^3q)ressed, or expressed at much lower levels, in 
non-cancerous cells. It is thus of interest to provide antibodies specific for the eifa 
encoded protein* Antibodies specific for this protein may be used to assay for the 
presence of cells e)q>ressing the eib encoded protein, or may be ^lied to patients 

IS so as to specificaUy bind to carcinoma cells eidier for diagnostic, imaging or 
therapeutic purposes. 

It is of interest to produce monoclonal antibodies specific for antigens that 
are expressed in much higher amounts in mmors, such as Monoclonal 
antibodies have numerous advantages over polyclonal antibody preparations to the 

20 same antigen. These advantages include higher qpedficity and the ability to 
iq)roducibly generate large quantities of the antibody of interest. Since most 
monoclonal antibodies are of murine or non-human origin, their administration 
into hiunan patients is a significant probl^. Introduction of non-human 
antibodies into human patirats may have a variety of adverse effects. Such 

25 adverse effects include the development of an antibody refuse directed to many 
portions of the administered monoclonal antibody, such as HAMA (human anti- 
mouse antibody). Additionally, the antibody may fail to interact with other 
portions of the human immune system, e.g., a murine antibody Fc region may not 
interaa with human Fc receptors, thus resulting in the absence of the desired 
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immune lesponse t& cells displaying the antigen of int^est, or may &il to activate 
complement Att^pts to produce human monoclonal antibodies specific for 
antigens of int^est have proven to be difBcult for several reasons^ including the 
lack of good fusion partners for human cells> ethical problems associated with 

5 immunizing human patients to obtain lymphocytes, as well as difficulty in 

obtaining human lymphocyte donorsw Because of the difficulties associated with 
obtaining human antibodies specific for the desired antigra, it is of interest to 
provide for "humanized" murine antibody specific for the antigen, i.e.^ an 
antibody that contains primarily human amino add sequences and some of the 

1 0 variable region sequrace df a conventional murine antibody specific for the desired 
andgra. 

Humanized antibodies (or more generally, humanized immtmogldbuUns) 
have at least three potential advantages over murine antibodies for use in human 
ther^y* 

IS Because the constant region portion is human, a humanized antibody may 

interact b^ter widi other pacts of the human immune system (e.g., destroy the . 

target cells more eSidently by compIeme»it d^ndant cytotoxid^ or antibody- 

depondent cellular cytotoxicity). 

The human immune system should not recognize the humanized portions of 
20 the humanized immunoglobulia as foreign, and theiefore the inunune refuse 

against an injected humanized immunoglobulin should be less than the immune 

response against an injected totaUy murine immunoglobulin. 

Lijected murine antibodies have been xqKmed to have a half-fife in the 

human drculatioii much shorty than tfie half-life of human antibodies (Shaw, 
25 ^. , T Tmniiinni ■ 138:4534-453S (1987)). It is posdble that injected humanized 

immunoglobulins will have a half l&e more like that of human immunoglobulins, 

thus allowing smaller and less fiequrat doses of therEq)eutic inununoglobulins to be 

administered to the body with the same or b^r outcome. 

Numerous attempts have been made to drcumvrat the probl^s associated 
: 0 with administering non-human monoclonal antibodies to humans by modifying 

non-himum antibodies so as to replace non-human sequ^ices with amino acid 
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sequence derived from human antibcxlies. Sevexal publications, patents and patent 
supplications disclose humanized antibodies and methods for their production by 
recombinant DNA technology. See for example, European Patent Application 
EPA-0-239-400, Recombinant Antibodi^ and Methods for Their Production; PCT 
5 AppKcation WO89/09622, IL-2 Recqjtor-Specific Chimeric Antibodies; Biropean 
Patent plication EPA 0-338-745, Method for Producing Recombinant DNA 
Proteins; and European Patent ^^iication EPA 0-332-424, Chimeric Antibodies 
Directed Against Human Caicinoembryonic Antigen. Typically, murine 
monoclonal antibodies axe raised against an antigen of intmst, the 
10 immunoglobulin genes encoding the antibody of interest axe then extracted from 
the hybridoma genome, sequraced, and gen^cally manqiulated so as to replace 
non-human constant region sequences with human constant region sequences. 
Such "chimeric" antibodies contain murine variable regions and human constant 
regions. 

1 5 Although others, e.g. , Wmter in EPA-0-239-400, have replaced human 

hypenraiiable sequences with murine hypenrariable sequence specific for an 
antigen of interest in order to obtain humanized "hypeichimeric" antibodies 
specific for an antigen, such teadiings provide no expectation of success for 
attmpts to produce humanized antibodies (or derivatives thereof) specific for c- 

20 ert)B-2 or any other pvm antigen. Antigen combining sites have complex 3- 
dimensional stnictuies that are in part dependant on the primary aniino acid 
sequwce of the variable region of inununoglobulins. The general procedure and 
concerns associated with producing humanized, chim^c and byperchimeric 
antibodies can be found in Antibodv Enpineering, edited by Bondndc, W. H. 

75 Freeman and Co* Publishers. Hius changing several amino adds within the 
variable region of an immunoglobulin would not be expected to have an 
predictable effea on the structure (and consequmUy on antigen binding properties) 
of the variable region. 
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<^npniflnf fTnventifm 
Tbe sulqect invmtion provides for tmmamzed unmundglobulin molecules 
(and dcriyaiives thereof) spedfic for c-eibB-2* Nucleic acid sequences encoding 
these immunoglobulins, and cells for the e?qiression of the humanized 
5 immunoglobulins ate also provided for* 

The subject invention also provides for methods of using the humanized 
immunoglobulins to diagnose and treat cancer, GeUs for the production of 
humanized c-eib*2 immunoglobulins and ^ vitro synthesis methods for these 
immunoglobulins are also taught. 

10 Pwgriptionoffi'gpres 

Figure 1 provides the nucleotide sequence (total 1554 base pairs) «icoding 
a humanized anti-eibB2 spedfic Fab fragment (SEQ ID:No. 1) derived from the 
hypervariable regions (also referred to as complementaii^ detennining regions, of 
abbreviated CDS] of murine and-c-^hB-2 monoclonal antibody 520C9. Hie 
]:5 humanized light and heavy chains of the Fab fragment have been modified to 
contain an coli pboA leader sequence. A plasmid comprising the nucleotide 
sequence of Egure 1 is pLWI87. The R soli strain containing pLW187 is 
referred to as TLWI70-1 in this application. 

The sequence of Figure 1 (SEQ ID:No. I) may be divided into the 
10 following subsequ^ices: 

IrMSbp phoA promote and leader; 
14i-779bp Bumanxzed Heavy Chain; 

144-23S ERl (human parent TSYC 1147-28); 
234-248 CDRl (mouse 520C9); 
25 249-290 FK2 Qmnidn parent TSYC 1147-28); 

291-342 CDR2 (mouse 520C9); 
343-437 FR3 (human parent TSYC 1147-28); 
438-455 CDR3 (mouse 520C9); 
456-488 ER4 (human parent TSYC 1 147-28); 
30 489-779 Human Heavy Chaii Constant Region 
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78(K821KT3 tag; 
822-893bp phoA leader, 
894-1538bp Humanized light Chain; 

894-966 FRl (human parent TSYC 1150-38); 
967-998 CDRl (mouse 520C9); 
999-1043 FR2 (human parent TSYC 1150-38); 
1044-1064 CDIi2 (mouse 520C9); 
1065-1160 FR3 (human parent TSYC 1150-38); 
1161-1187 CDR3 (mouse 520C9); 
If) 1 1 88-1220 ER4 (human parent TSYC 1 150-38); 

1221-1538 Human Light Chain Constant Region; 
1539-1554 Xhol /Bamm Cloning Sites- 

Figure 2 represents a genend scheme for humanizing murine monoclonal 
andbodies by overlapping PCR. 
IS Figure 3 represents the sciieme and PCR primers used to produce a 

humanized heavy chain inmtiunoglobulin. 

Figure 4 represmts the scheme and PCR primers used to produce a 
humanized light chain immunoglobulin. 

Figure 5 represents the sctieme used to introduce a phoA leader sequence 
and promoter sequence in front of a humanized immunoglobulin. 

i^gure 6 represents the schraie used to conect an unintentional sequence 
enor made during the production of a humanized li^ chain dmved 
immunoglobidin made according tiie sdu»ne described in Figure 4. 

Eight primers and four tenq>lates are used in three round of overiapping 
25 PCR- LWOl is the primer spedficaUy designed for amplifying the 5' end of the 
phoA sequence. LW16 and LW17 is a sa of complraientaiy junction primers 
whidi sit at the end of the phoA leader and the beginning of the coding sequence 
in FRL The template pSYC1087 contains the phoA promter and, when used with 
primers LWOl and LW17, will yield a fragmrat (1) containing a 5* Hindm site 
and a 3' ttid bearing sequence for the beginning of PRL CLC27 is a primer 
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which anneals to the end of FR2 and pait of CDS2. PCRusmg LW16 and 
CLCZT, with the template "0841" will result in a pnxfact containing correct 
ERl, CDRI, ER2 and CDR2. etomplementarity of LW16 and LW17 allow 
annealing of fragments I and H in a second round of PCR, producing firagment 
5 (V>. 

CIjC26 is aprimer which contains CDRl and partial FR2 sequence but 
does not reach anuno add #43. CLC29 is compl^entary to GLC30 and anneals 
to FR4 as well as the beginning of th& human light chain constant region. PCR 
with 0X26 and CLC29, using template "38-18" yields a product containing 

] 0 correct CDBI» incorrect FR-2 containing alanine at amino acid #43^ and correct 
CDS2, PR3, CDKir and FR4. Since "38-1&" has an incorrect constant region, 
"38-17" is used as tenqilate for primer CLC30 and LW20. TWs fourth PCR 
product ((V) contains correct CDS3, FR4, and human light chain constant region. 
Con^lementari^ of CLC29 aQddLC30 at CDR3 allow fragments m and IV to 
5 anneal for the second round of overly PCR, producing fragment VI. 

PCR fragments V and VI ar^ complementary at framework 2 except at 
amino add readue #43, where in fragment V the reddue is threonine (ACQ and 
where in fragment VI, the readue is alanine (GCC). Annealing of these two 
fragments (bning the final round of PCR will yield products which due to the 

20 differing nature of its templates, will bear amino acid alanine or threonine at 
reddue43. 

Description of f^p^^r ^p^rfinient^ 

A. P^tigm^ 

An immunoglobulin molecule may be divided into several regions. An 

25 immunoglobulin molecule may comprise one or more polypqjtide chains, i.e. a 
multi-polypeptide immunoglobulin. IgG, for example, consists of 2 heavy (S) 
chains and 2 light CL> diams. An immunoglobulin chain Qpically comprises 
variable regions and constant regions; the H cAain of IgG contains one variable 
region and one constant region, each constant region has a differ^t sequence, and 

30 the (L) chain has one variable and one constant region. The constant region of an 
H dtain can be further subdivided into 3 domains, eaich of which forms a separate 
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compact tightly folded 3 dim^ional unit. The L and H variable regions are 
similarly folded into separate compact units. The variable region of an 
immunoglobulin chain (H and L) may be fuither divided into three hypervariable 
regions (also called complementarity determining regions, abbreviated CDR) and 
four framewoik r^ons (abbreviated FR). The framework regions sq>arate the 
hypervaiiable regions from each other in the linear amino acid sequCTce. 
Compared to the hypervariable or CDR regions, the framework regions comprise 
amino acids that do not vary as much between immunoglobulins produced by the 
same organism and are reasonably fixed in 3-dimmsional space* Framework 
IIO region amino adds sequences may exhibit more variation within an organism than 
constant region amino add sequences. Hypervariable regions, on the other hand, 
vary to a much greater extent between individual immunoglobulin molecules 
produced by the same organism, and are less well fixed in 3-dimensional space. 
The hypervariable regions are believed to form a major part of the antigen binding 
IjS site of an antibody. The fiamework regions of the immutK>gl6lmliiis are believed 
to form two opposing beta-pleated sheets, which are the basic structural elraient of 
the domain. These strands of the b^ she^ are connected by loops of polypeptide 
chain which are thought to contain the hypervariable regions of the variable region 
of an immunoglobulin. Int^actions between certain framework and CDR residues 
may influence the folding of the protein, particulariy the hypervariable loops, and 
affect the ability of the antigen binding site to recognize antigen. 

Constant regions of an inununogtobulin are located distal or C-tenninal to 
the variable region. Constam r^ons may be of a light diain class incbidmg 
kappai and lambda chain constant regions (and die various subclasses th^eof), or 
2|S may be of a heavy chain dass induding the heavy chain constant regions of IgG, 
IgM, IgA, JgOf and IgE andbodies (and the various subdasses thereof). 

"Operably joined** refers to a juxt2qx)sition such that normal function of the 
componrats can be performed. Thus, a coding sequence "operably joined" to 
egression control sequences refers to a configuration wherein the coding 
3p sequences can be expressed under the control of these sequences. Such control 
may be direct, that is, a single gene associated with a single promoter, or indirect, 
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as in the case where a polyciscronic traoscrq}! is ej^nessed from a smgte promoter. 

"Control sequrace" and "e^^ression control sequence" refer to a DNA 
sequmce or sequences necessary for Ae e)qnpesapn or regulation (transcriptional 
or translational) of an operably joined codmg sequence in a particular host 
S organism. The control sequences,^ that are suitable for pioc^otes^ for example, 
include a promoter^ optionally an op^ator sequence, a ribosome binding site, a 
t ranscrip tion terminator^ and possible other as y^ poorly und^stood sequences. 
Eucaryouc cells are ^own to utilize control sequCTces, which include promoters, 
polyadenylation signals, enhancers, silencers, and the like. 
1 3 The term "functional pair" when used widi referrace to variable regions 

Qiumanized or otherwise) intends a set of 2 variable regions (one derived from the 
L chain and one from the H chain) that form an antigm combining site in an 
antibody. Functional pairs of variable regions specific for an antigen of interest 
may be found in the variable r^on from the heavy chain and the variable region 
15 fn>mtheUghtdiainof an antibody specific for the aiitigen of inte^ Examples 
of functional pairs of variable regions include the polypeptides racoded by 
nucleotides 144-488 and nucleotides 894-1220 of Figure i (SEQ IDzNOl). 

The term "functional proximity" when used.with rrference to variable 
regions (humanized or otherwise) intends that the functional pair of L and H 
2 0 variable regions be spatially located with respect to each other so as to form an 
antigen combining site. 

The tenns "heavy chaiii-d^ed" and "light chain-derived" whra applied 
to immunoglobulins of the subject invention indicate that the variable region 
hypervariable sequences in the spedfied polypeptide are present on eitto 
?S heavy chain or the light chain, respectively, of tiie antibody fiom whidi die 
hypervariable sequences of interest w^ originally discov^ed. 

The term "humanized" as sailed to immunoglotmlins intrads that at least a 
portion of the fiamework regions of an immunoglobulin axe derived from human 
immunoglobulih sequences. 
;S0 When sequences are said to be "human", all human alleles for the given 

sequrace, in addition to the sequence specifically exraiplified, are included. 
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M leover, the subject invemioo contemplates that minor amino acid sequence 
changes, inchiding substitutions, deietionSt and insertions, typically in the range of 
about 1 to S amino acids» may be made to humanized inmiunoglobulins specific 
for c-eibB-2 without significantly altering the binding specificity of the 
immunoglobulin. 

When a functional pair of variable regions are "specific" for a given 
antigra (or hapten)^ the antigen combining site formed by the functional pair is 
capdblc of binding to the antigen (or hapten) of interest more strongly than to 
randomly selected molecules. 

l|) B. General Description 

The subject invention provides for immunoglobulin molecules with variable 
regions comprising the hypervariable regions of the anti-c-eibB-2 specific 
antibodies (in particular the murine monoclonal antibody S20C9), human 
framewoik regions, and human constant region sequences. In addition to 
1^ providmg for humanized c-eifoB-2-specific immunoglobulin molecules, the subject 
invention also includes nucleic acid sequraces ^coding the humanized 
inununoglobulins, as well as cell host systems for the e^q^ression of humanized 
immunoglobulins. 

Humanized immunoglobulins specific for antigens of interest may be 
2p obtained by prq>aiing non-human, preferably murine, monoclonal antibodies 
against an antigra of interest, detennining the amino add sequence of the non- 
human antibody, prefeiably by isolating (by any of a variety of well known gene 
isolation technique, including PCR) and sequencing cDNA sequences encoding 
the chains of the non-human monoclonal antibody of interest. The amino add 
2|5 sequence of the hypervariable regions of the non-human monoclonal antibody may 
then be compared with canonical frameworic region sequ»ces and hypervariable 
region anuno add sequences of human immunoglobulin variable regions so as to 
deteimine which anuno adds must be changed to humanize the non-human 
sequence. Guidance for selecting the frameworic sequences and hypervariable 
3|0 sequences within the variable region f an immunoglobulin can be found in several 
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publications, including the article by Chothia, et aL Nature 342:878-879 (1989) 
and the book Antibody Engineering: A Practical Guide . Bonebaeck ed., W. H. 
Freeman and Co. publish^. By determining which sequences in the non-human 
immunoglobulin gene specific for the antigen of interest constitute framework 
5 regions and which constitute hyp^vatiable r^ons, it becomes possible to 

synthesize a variety of humanized immunoglobulins having an antigen specificity 
similar to *ba^ of the non-human inmiunoglobulinthal serves as the information 
source for the sequence regions. 

HiiT"?niT^ variable regions specific for c-erhB-2 may be joined to a human 
10 constant region(s), or portions thereof. Joining of a humanized variable region to 
a constant region gives rise to a polypeptide in which the amino-terminal portion 
comprises the humanized variable region and the carfooxyl^termihal portion 
comprises human constant region sequrace. Such constructs may be referred to as 
*'hyperchimeric\ Humanized ligt^ chain-derived variable regions may be 
1 S operably joined to light chain constant regions so as to form functional 

inmiunoglobulin chains. Similarly, humaiuzed heavy diain-derived variable 
regions may be operably joined to heavy chain constaitt regions so as to form 
functional immunoglobulin molecules* In a prrferred emlxxlunents of the 
invention humanized light chain-derived variable region is operably joiaed to 
20 human light chain constant region, and humanized heavy chain-derived variable 
region is op^ably joined to a human heavy chain constant tegion(s). 

In addition to providing for hnini^niyftrf immunoglobulins spedfic for c- 
erbB-25 the subject inv^nion also provides for various polypqytides (and 
corresponding nucleic add sequmces) comprising portions of c-erbB-2 q>ecific 
.15 humanized immunoglobulins, in particular tiie variable region portion of the 
humanized immunoglobulin. FurthCTiore, the subject invention pnmdes for 
various derivatives of c-erhB-2 specific immunoglobulin chains that comprise 
additional poiypq)tide sequences. These additional polypeptide sequences may 
have any of a variety of functions including^ enzymes^ toxins, andg^c tagging 
30 sequences, and the like. 

Many modifications and variations of humanized variable region sequences 
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within the present demonstrative nucleic acid sequence of Figure 1 (SEQ ID: NO 
1) are possible. For example, the d^eneracy of the gen^c code allows for the 
substitution of nucleotides (which can be used or optimized in accordance with 
codon usage patterns for expression in various host cells) throughout the 

S polypeptide coding regions, as well as for the substitution of the translational stop 
signal spediicaliy ex^nplified. Such sequences can be deduced from the known 
amino acid or DNA sequence of the S20C9 antibody chains (and the constant 
regions or antibodies of different classes) and can be constructed by conventional 
synthetic procedures. Such synthetic m^ods can be carried out in substantial 

10 accordance with the procedures of Itakura, et al ., 1977 Science 198:1056, Crea, 
fiUl. Proc. Nat. Acad. Sci. USA 75:5765 (1978). In addition, symhetic genes 
(and fragments thereof) and linkers can be synthesized either by using a Systec 
1450a DNA synthesizer (Systec, Inc., 3816 Chandler Drive, Minneapolis, 
Minnesota) or an Aiq)lied Biosystems 380a DNA synthesizer (>^lied Biosystems, 

15 Inc. 850 Uncohi Center Drive, Foster City, California 94404). Many other DNA 
synthesizmg instruments are known in the art and can be used to m^e synthetic 
DNA fragments. Therefore, the present invention is no way linuted to the DNA 
sequences q)ecificaUy exemplified. 

A preferred method of synthesizing nucleic acid sequences racoding 

20 humanized immunoglobulins is by means of overlai^ing PCR. The technique of 
ovcrlqyping PCR is described in the article by Horton, ^ al, Gene 77:61-68 
(1989) and in U.S. Patent No. 5,023,171. The technique of overlapping PCR may 
be used to produce a humanized inununoglobulin by performing ovedapping PCR 
on cDNA sequence from a human mununoglobulin grae with the appropriate 

25 oligonucleotide primers. 

In brief, the technique of PCR splicing by overly ext^on is as follows. 
PCR oligonucleotide primer pairs are prq>arBd. Each oligonucleotide primer 
comprises essentially two regions, a 5' region containing either sequences 
encoding a restriction endonuclease recognition site or a portion of 

30 complementarity determining region (CDR) from a non-human immunoglobulin 
gene of interest, and a 3' region complementary to a frameworic region adjacent to 
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tbe complemratarity detenmmng xegion to which the 5' pomon of the primer is 
complem^itary. Sets of such PGR primers aie piepaied for each framework 
region of the bmnan iimnunogiiobulin gene that will furnish the hmnan sequences 
for humanizing the non-human immunoglobulin gene of interest. The primers are 

5 constructed so that S' and 3^ regions that code within the same CDR region are 
overlying. An advantage of using overlying PGR to synthesize a nucleic acid 
sequence encoding a humamzed non-lmman immunoglobulin sequrace is in the 
minimoation of restriction digest/ligation reactions and oligonucleotide synthesis 
reactions* The 5' CDR complraientary regions of the FCR primers are 

10 complraientary to the CDR compl^entary regions of PCR primers that have 3* 
regions complraientary to adjacent framework regions. As indicated in Figure 2, 
rq>eated rounds of PCR give rise to a nucleic add sequence comprising the parent 
human imumunoglobulin sequence in all regions excq>t for the complementarity 
determining regions^ these regions being derived from the complementary 

IS determining regions of non-human immunoglobulin genes synthesidng an 

immunoglobulin specific for the antig^ of iriterest However, small portions of 
murine frameworic sequence (particularly die canonicat residues described by 
Chothia, et al.) may be required in order to gmerate an acdve antigen combining 
site. 

20 The humanized immunoglobulins chains of the subject invendon are 

pr^rably utilized in the form of multi-polypqydde inmiunoglobulins coixqyrising at 
least one himiani7^ immunoglobulin variable r^on functional pair. InmuM- 
polypeptide nnmunog}obulms conqnnsihg variable region functional 

pairs, the variable regions of the functional pair are preferably localized in space 

25 (the pair members are in functional proximity to each oth^) so as to form an 

w&gpa combining site in which the antig^ binding site is, at least in part, formed 
by the hypervariable r^ons of both the light chain-derived and heavy chain- 
di^ved faypervariable regions of S20C9 or other c-erbiB-2 specific antibodies. 
However, the H chain variable region often contributes more that the L chain 

30 variable region in the interacdon with andgen. 

Single humamzed immunoglobulin chains may be joined to each other so as 
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to fonn multiix>lypq>tide immunoglobulins by a variety of means. Such joining 
means include both ionic interactions and covalent bonds. The means of joining 
individual inununoglobulin chains so as to form a multi-polypq)tide 
immunoglobulin are preferably, although not necessarily, by means of covalent 

5 linkage. The prrfefred means of covalrat linkage is by means of disulfide bridges 
between cystdne residues located within the humanized immimoglobulin chains of 
interest; however, covalent linkage may also be effected through the use of cross- 
linking reagents such as dimethyl-3,3*dithiobisprapiommidate, N-(4-azidophenyl) 
phthalamide, and the like. Humanized inmiunoglobulin chains may be joined so as 

10 to produce multirpolypqnide immunoglobulins molecules structurally analogous to 
antibodies or fragments thereof, including Fab fragments. Fab* fragmrats, F(ab')2 
fragmrats, Fabc fragments, Fd fragments, Fr fiagmmts, Fv fragments, single 
chain Fv fragm^its, and the like. The available literature provides for methods 
for producing antibodies and fragments thoeof from polypq>tides synthesized by 

15 recombinant DNA and in vitro synthesis techniques. 

The humanized immunoglobulins of die subject invration may be 
conjugated to a variety of therapeutic moieties. By therq)eutic moieties it is 
intended a variety of compounds or atoms that find use in the treatment or 
detection of disease conditions. Compounds that find use in treating disease 

20 conditions include toxins (or active poitions thereof) such as diphtheria toxin, 
ridn, or Psoidomonas i^otoxin, enzymes, conv»tional drugs and prodrugs. In 
general, the humanized immunoglobulins of the subject invration may be 
derivatized by known method for conjugating theiapratic moieties to antibodiies so 
as to pnxiuce hi^y spedfic drugs or imaging agents. Other ther:4)eutic moieties 

25 of interest for conjugation to the humanized inununoglobulins of the subject 

invration include radio-opaque imaging agents. Thenq)euitic moieties also include 
radionuclides for use in imaging or in irradiating tissue, such as ^^Re, 
«Cu, "*At, "^i, "1, and the like. 

Humanized inununoglobulin sequences may be modified by the addition of 

30 a variety of a secretion signal sequences preferable joined to the amino terminus of 
the humanized inununoglobulin polypeptide. Secretion signal sequences (also 
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lefened to ^ ''signal seqaences") serve to provide a signal to the secretion 
"madunery" of a cell to es^it polypeptides beating such a sequence. The use of 
signal sequences to diiect the cdlular lo^lization and/or e^^it of polypqitides 
not naturaEy joined to the signal sequrace^ ie.^ heterologous with respect to the 

5 signal sequence, is well known in the field of lecombinant gene expression. Thus 
signal sequences may be used to sinq>lify the process of purification of the subjects 
polypeptides &om recombinant cell ^ression systrais for several reasons, 
including obviating the need to ly se host cells ami the need to produce subcellular 
factions raiiched for the polypeptide of interest Leader sequences ^ically 

10 comprise a charged amino acid at the N-tenninus followed by a short hydrophobic 
amino acid sequences* Leader sequences may be selected on the basis of die 
cellular e)q)ression system used to synthesize the humanized immunoglobulin 
polypq)tide. Signal sequraces are preferably selected so as to be removed either 
completely or substantially from the humanized immunoglobulin sequence of 

] 5 interest. The actual leader sequences onployed will vary in accordance with the 
choice of cellular expression system sele^ed. Although lead^ sequences are 
known to direct the localization of proteins in heterologous e3q)ression systems, 
i.e., host cells not naturally prochicing the protdn that is the source of the signal 
sequoice, it is pref^able to use leader sequences firom polypeptide naturally 

20 expressed in the ceDular expression host. When expressing humanized 

immunoglobulins in bacterial syst^ns, a Pho A, Le., alkaUne phosphatase^ signal 
sequence is preferably used for ^qne^on in colL Othst bacterial protein 
signal sequmoes of interest indnde those from the ompA and pelB genes. For 
expresgon in mammaliati cells, the use of an immunoglotmlin leader sequ»ce is 

.15 preferred. For e^qiression in yeast cells, an a^ha ^ctoriieader sequence, among 
others, may be used as a signal sequrace. 

The humanized immunoglobulins of the subject invention may or may not 
contain "tag" amino add sequences. Such "tag" sequraces are short amino acid 
sequence, nonnally no more than 20 amino adds in lengtfi, prrfiraable less than 15 

:)0 amino adds in Iragth. Tag sequences my be inchufed in the amino add sequrace 
of the subject humanized immunoglobulins for the purpose of purifying, detecting 
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(or quantifying) the polypeptides of the object invCTtion by use of antibodies, 
including monoclonal antibodies, (or similar leagrats) capable of specifically 
binding to the tag sequence. Tag sequences without attached inununoglobulin 
amino acid sequraces may be synthesized 'm vitro using various well-known 

S techniques, including commeiciaUy available polypeptide synthesis machines. The 
in vitro synthesized tag sequences may then be injected into suitable animals so as 
to induce an immune xe^nse diiected to the tag sequrace. Antibodies specific 
for a tag sequence of interest may also be prq>ared by immunizing an animal with 
a protein having a primary amino acid sequence that includes die tag sequence of 

10 interest. Tag sequences are preferably attached at or near the COOH terminal end 
of immunoglobulin molecules. A tag sequence of particular interest is a sequence 
recognized by the KT3 monoclonal antibody. An amino acid sequence recognized 
by KT3 is TPPPEPET. Another example of a tag sequrace that may be inserted 
at the cart)oxy tenninal (or internally as well) of an immunoglobulin sequence is 

15 the sequence EEEEYMPME. (Grussenmeyer, et al., Proc. Natl, Acad. Sci. USA 
82, 7952-54 (1982)). 

Hie humanized immunoglobulins of the subject invention may be expressed 
in cellular hosts after the sequmces encoding the humanized immunoglobulins 
have been operably joined to expression control sequences* Nucleotide sequences 

20 for expression may be conv^ently q>erably joined to e?qnession control 
sequences by insertion into restriction sites in expression vectors. E^qxression 
vectors may contain esqnession control sequences located near useful restriction 
sites, and are typically replaceable in the host organism either as extra 
chromosomal elements, such as plasmids, or as an integral pan of the host 

25 chromosomal DNA. B3q>ression vectors may contain selectable maikers, such as 
antibiotic resistance, to p^mit (^ectiSn of those cells transformed with the 
nucleotide sequraces of interest, see for example U.S* Patent No. 4,794,362, 
which is herein incorporated by refisence. 

The polypqjtides of the subject invention may be expressed in a variety of 

30 cell types. Th literature available to those skilled in the ait describe immerous 
cellular expression systems for polypq>tides of interest and e)q)ression vectors for 
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use in those systems. See for sample M^ods of 'PnTypigi^t}^ Vol. 185, 
Goeddel, Academic Press (1990). Humanized immunoglobulins may be tecoveied 
and puiified finom lecombinatit host cells using conventional techniques for 
recoveiy and purification of lecombinantly produced proteins. 

5 Nucleotide sequences encoding humanized immunoglobulins may be 

e^tessed in a variety of cells. Cells for e}q>ression may be either eukaiyotic or 
prokaryotic. Projkaryotic hosts of int^est include Bacillus subtilis . as wdl as 
other BaciUi, enterobacteiiaceae, such as g. coli ^ as well as various Streptomvces . 
SaTmnnella^ Scrratia. and Pseudomonas species. Among prokaiyotic host cells 

1 0 species, £q^ is particularly preferred because of the great deal available 
literature dealing with »q>ression in B« coli . 

Other microbial organisms, such as yeast, may be used for expression of 
the subject humanized immunoglobulins. Saccharomvces cerrevisae is a preferred 
non-bacterial microbial ^ression host. 

1 S Other non-mammalian eukaryotic e?q)ression host cells of interest include 

insect cells that may be used with bacculoviius e^^ression systems. 

In addition to the use of microbial, and iiivertebrate celts, fnaTnniaHan cells 
grown in tis^e culture may also be used to produce the polypeptides of the 
present invention. The polypqrtides of the present invention may be expressed in 

10 any mammalian cell system that may be used to express immunoglobulin 

poiypq)tides. Bikaryotic celk are preferred ceUidar hosts for the expression of 
subject polypq>tides as opposed to non-mammalian cells, because of the num^ous 
advantages associated witft using matrnnaiian cells, such advantages include 
suitable signal-sequence prc»cessmg, glycosylation, secretion machinery and tiie 

75 production of functional fuU4ength immunoglobulins. Manunalian cells for use as 
expression hosts, include CHO cell lines, various COS cell lines, HeLa cells, 
SP2/0 and the like. 

Host cells for the e3q>ression of the polypq>tides of the present invention 
may be genetically manipulated so as to produce one, or more humanized 

: 10 immunoglobulins* Whra two humanized immunoglobulin chains are produced by 
the same cell line, it is of interest to produce a first immunoglobulin chain having 
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a humanized variable region that compiiang one member of the functional pair of 
variable regions q>ecific for c-erbB-2 and a second immunoglobulin chain 
comprising the other member of the same functional pair of variable regions for c- 
eibB-2. Thus, by producing cells genetically manq)ulated so as to express two 

5 such humanized inununoglobulins chains, multi-polypq>tide immunoglobulins 
comprising a functional c-ert)B-2 antigen binding site may be produced either in 
vivo > or in the supematants of cell cultures. 

In addition to the production of humanized immxmoglobulins by 
recombinant m^ods, automated equq>mCTt for the direct synthesis of polypeptides 

10 disclosed herem is commercially available. Such 6quq>ment provides access to 
pq>tides of the invention, either by direa synthesis or by synthesis of a series of 
fragments that can be coupled using other known techniques. 

The humanized immunoglobulins of the subject invention and 
pharmaceutical compositions therek>f are particularly useful for parenteral 

15 administration, e.g., subcutaneously intramusculariy or intravenously. The 

compositions for parenteral administration will typically comprise a solution of the 
humanized immunoglobulin dissolved in a physiologically accq>table carrier, 
preferably an aqueous carrier. A vari^ of aqueous carriers can be used, e.g., 
water, buffered water, physiological saline, 0.3% glycine, and the like. Solutions 

20 for parenteral adnunistration are preferably sterile and generally free of paniculate 
m^r. Compositions for parenteral administration may be lyophilized for 
conv^ent storage and rehydrated prior to use. Hiese compositions for parenteral 
administration may be sterilized by conventional sterilization techniques. The 
compositions may contain pharmaceuticaUy accqnable auxiliary substances as 

25 required to proximate physiological conditions such as pH adjusting and 
buffering agents, toxicity adjusting agents and the like, for example sodium 
achate, sodium chloride, potassium chloride, calcium chloride, sodium lactate and 
the like. The concentration of humanized immunoglobulin in these formulations 
can vary widely, i.e., from less than about 0.5%, but usually at or at least about 

30 1 % to as much as 15% or 20% by weight and maybe selected primarily based on 
fluid volumes, viscosities.etc., in accordance with the particular mode of 
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acbnimstratioii selected. 

Tlie invention having been described, the following examples are offered 
to illustrate the subject invention by way of illustration, not by way of limitation. 

Overview of Production of Nucleic Acid Sequences Blooding 

Humanized Tmtmmiiigl^hnlin?^ 

In oveil^ extension, PCR is peifonned with piimets that have 
complemrataiy 5' ends so that pitxiucts fnmi a fim ipund of leactioiis can be 
mixed, melted^ and leannealed to provide a template for the synthesis of longer 
Ip^ extension products in a second round reaction* To humanize the murine antibody 
of interest, primers were designed whose 3* mds anneal to human fiamewQiks, 
and whose 5' ends either contain cloning sites, or encode murine S20C9 CDR^s. 
A general sdieme for humanizing an antibody is shown in lagure 2. The first 
round of PCR utilizes DNA fraiplate from the selected human parent TSYC 1147- 
1^ 28 or TYSC 11S0-3S and results in four individual fragments, each containing 
dther human FRI, human FR2, human FR3 or human FR4, flanked by cloning 
sites and/or CDR's. The FR4 fragment is large because it also contains the first 
Chi domain of the hutnan constant region. The next round of PCR involves 
annealing CDRl aims on first round pnxhicts "A'' and "B", and results in a longer 
2p fragment* "E"^ which oonasts of, in the S' to 3' direction: a cloning site, himian 
FRI, mouse CDRl, faumanR2, and a primer graerated CDS2 ann. The other 
round two reaction anneals mouse CDR3 arms on first round products "C and 
"D", and produces a fragment containing human FR3, FR4 and constant regions. 
This second round product, "F", is flanked at its S' end by mouse CDR2, and on 
^ the 3' esad by another cloning The final round of PCR anneals the 

complementary CDR2 ends in fragments "E*" and "F" and creates ibs conq>Iete 
humanized "G" fiagmenL 

The "G" fragment is placed into an expression vector. Heavy and light 
chain "G" fragments undergo separate restriction digests for figation into their own 
iO pUC vectors and are transfoimed into E. host I)G101. Transfonnants are 
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sczeened for the piesrace of insert, and DNA from several potential candidates is 
sequenced. Clones with the cortea sequence undergo another round of PCR with 
primers designed for incorporation of a pboA promotor/Ieader sequence in front of 
the antibody coding sequence (See Rgure 5). The PCR product containing phoA- 

S antibody sequence is digested and cloned into a pBR322 based vector and 

transformed into £. £Qli host MM294. Transfonnants are screened, and potential 
candidates are identified and sequenced. Clones bearing the correct sequence of 
each chain are induced for expression on the putative humanized immunoglobulin 
and checked for expression by Western analysis. The final construct to produce a 

10 humanized Fab fragment is made by combining the light chain coding sequrace 
with the heavy chain coding sequence. This last process involves a PCR step and 
a restricdon/ligation step. 

Selection of Human P arent Framework 

15 Human frameworks, or "parents", were chosen by a "TFASTA" computer 

alignment which genmted the ten best fits with human immunoglobulin sequences 
in the searched database. The selection was based on overall sunilarity of amino 
acid residues between the human and the original mouse S20C9 sequence. The 
human sequence database was produced by cloning approximately 100 heavy and 

20 light chains of immunoglobulin genes from EBV transformed human cells, and 
subsequently sequmcing the cloned genes. In addition, both L and H chain 
variable regions were sequmced fiom cDNA copied from human peripheral blood 
cells using primers that were designed for PCR amplification of the V rdmons 
into the adjaomt constant domain these sequmces and compared with the mouse 

25 variable regions that were to be hypmhimerized. 

The chosen human framework must not int^ere with the pres»tation of 
the mouse CDRs to the target antigen. Chothia, ^ ai* Nature 342:S77-883 (1989) 
hypc^edzed that a small repertoire of "canonical" conformations of bypervariable 
regions exi^ and the structure of a given CDR is strongly influenced by a few 

30 amin add residues at key positi ns. Such canonical residues are found in CDR 
and FR regions. The human frameworks selected for each chain have canonical 
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residues similar to that of the mouse antibody. 

According to the theory of Cbotfaia, M M-t the heavy chain canonical 
residues of spedal impoitance aie amino acids #26, 27, 29, 34, 55, and 94. In 
the mouse 520C9 heavy chain, these r^dues are, in order, Gly , Tyr, Phe, Met, 

tl Gly, and Aig. In the best fitting human heavy diain patent, TSYCII47-28, all 
canonical residues match excq)l#34, which is an isoleudne instead of a 
methionine. No other human parrot within the top five selected for overall 
sequroce similanty matched better than TSYCtl47-2S. Thus, TSYCl 147-28 was 
chosen as the human heavy diain iiamewoik parrot for giafidng with mouse heavy 

1) chain C3)R's. 

Light chain canonical residues of special inqxntance are amino acids #2, 
25, 29^ 33, 48, 64, 71, 9Q, and #95. In tiie mouse 520C9 light chain, the residues 
are, in order. He, Ala, He, Leu, He, Gly, Tyr» Gin, and Pro. In the best fitting 
light chain human parent, TSYCl 150-38, eight of nine residues match. Only 

1: } residue number 7t , where phroylalanine replaces ^rosine^ does not match. The 
second best fitting light chain human patrot, TSYC11S(H)8, matches at only six of 
the nine canonical residues. Amino acid #29 is leucine instead of isoleudne; #71 
is phroylalamne instead to ^rosine; and #95 is phenylalanine instead of proline. 
Two human light chain fismewoiks, TSYCIt50-38^ and -OS, were chosen for 

2 d gtafdng of mouse light chain CDR*s. Humanization of light chain has been 
completed with only TSYCI150-38 as parrot. 

Example 3 

Design of Prime rs for Pramfeyfifl^ C^ra ftiny by Ovettopping PCR 
The expected sequroces for heavy and light cfaaia^ from humanization of 
25 mouse 520C9 CDR's with human parent iiamewoxks, is givro in figure 1. Hght 
primeis for each chain were designed based on the scheme presented in figure 4. 
Each primer contains two regions, one bearing sequroce which anneals to hmnan 
fiameworic, and the oAer dther containing a cloning site or bearing sequence 
which encodes for a mouse CpiL Half of the primers are upstream (located at the 
20 5' rod of the reaction) primeis and the other half , downstream (located at the 3' 
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end of the reaction) primers. Each PCR reaction requires one upstream (itont) 

and one downstream (back) primer. A short explanation of each primer follows 

(The abbreviations HC and LC refer to heavy chain and light chain, respectively): 

CLC17(HC) or CLC24(LC):(q>stream) 
S S* end contains cloning sites ]djQl(RC) or SacI(LC); 

3' endanneals to FRl. 

CLC18(HQ or CLC25(IjC):(downstream) 
3' end anneals to FRl; 
S' end encodes for CDRl. 

0 CLC19(HC) or CXC26(LC):upstrBam 

S' end encodes for CDRL 
3* end anneals to FR2. 

CLC20(HC) or CLC27(LC): (downstream) 
3' end anneals to FR2; 
] 5 5' end encodes for CDR2. 

CLC210aC) or CLC28(LC):(upstream) 
S' end encodes for CDR2; 
3' end anneals to FR3. 

CLC22(HC) or CLC29(LC):(downstream) 
20 3' end anneals to FR3; 

5' end encodes for CDR3. 

CLC23(HC) or CLC30(LC):(upstream) 
S' end CTCodes for CDR3; 

3; md anneals to FR4, for extension tbrou^ human constant 

75 region. 

SYP12(HC) or SYC324(LC);(downstream) 

3' end anneals to the end of the HC or LC 

constant region. 
5' rad cont^uns cloning sites Spe lfflC) or 2£^(LC) 

: 0 The heavy and light diain "G" fragments were digested with restriction 

enzymes in separate reactions and cloned into their own pUC vectors. Ligations 
were then transfbnned into DGlOl host Potratial clones were identified by 
colony PCR or by minq)rep analysis and were sequenced. The correctly 
humanized heavy chain in pUC was found in clone TCC19-4 
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Design of Primers for phoA Incoipoiarion 5' to the Humanized Heavy Chain 

Fporprim^r W to Z, as; shown in figure 5, are needed for the overly 

extension PCR that incoipoiates phoA piomotorand lead^ sequences in front of 

immunoglobulin coding sequences. Eadi primer in the figure is disoissed below: 

Primer W anneals to a portion of the piasmid pSYCl087 ahead of a region 

^tcoding for the pho A promoter and leader sequence. The primer can be divided 

into two parts. One part anneals to pBR sequence, the piasmid backbone, and the 

other anneals to restriction sites which precede phoA sequences in pSYC 1087. 

10 W: (HCorLC) 

LWOl: 5"-GGGG ATCGAT AAGCTT GGG CTGCAG GTCGAC 
pBS322 sequrace BMPl Ssff SaH 

Primers X and Y together create an in-frame junction between the end of 
the p&gA leader and the sequence encoding human amino add #1 in the antibody. 
1^ These primer sets are spedfic for each antibody. They are often rnodified to 
encode for amino adds that are missing fhmi the human parent sequences. For 
example, immediately following, i.e. 3' to, the phoA sequences, the primm for 
the humanized 52GC9 heavy chain junction region racode for the first sue human 
consensus amino adds found in Kabat, &t al.. Sequences of proteins of 
2|D immunolorical interest 4th ed, U.S. Dep. HHS (1987;^^ & is necessary to supply 
these amino adds because the human library was created by primers which start at 
amino add #7 of the heavy chain. 
Y: (fio 

LW13: 5' — I GAG ATC CAA CTG GTG GAG [ TCTGGG CCT GAG 

2t5 GTG 

LW14: GGACACTGTTTTCGG [CTCTACGTTGACCACCIt: 1 5' 

X: CHQ 

end of proA leader lot six consensas hmnan suut of FRl in 

HC mau from Kabat TSYC 1147-28 

Y: (LC) 

LWI6: 5'— CCTGrGACAAAAGCC [ GAC ATC CAG ATG ACC CAG 
LW17: GGA CAC TGT TIT CGG [ CTG TAG GTC TAG TGG GTC— 5' 
X: OX) 

end of phoA leader stait of FRI in TSYC 1150-38 

25 Primer Z is a back primer wh se 3' end anneals to the final nudeotides of 



wo 93/21319 



PCT/US93/03080 



23 



10 



15 



the human heavy or light chain constant legi n. Its 5* rad contains cloning sites: 
either Spd for heavy chain, or Xbal for light chain. 



Z: (HQ 

LW15: G TTG TTC CAC CTG TTC TTT | TGA TCA 
end of human heavy chain Spel 
constant region 



CCC C— 5' 



Z: (LQ 

LW20: AAG TTG TCC CCT CTC ACA 
end of human light chain 
constant region 



ATT A I GAG CTC CCT AGG CGG — 5' 
STOP Xhol BamHI 



The products were restriction digested with Hindm and Spel and were 
cloned into a pBR based vector with an ampicillin selection niaiker. Downstream 
from the Spel site, the vector carried the KT3 peptide sequence, NH3-TPPPEPET- 
COOH, in frame with the heavy chain pqnide and the g. thuringiensis crystal 
protein transcriptional terminator. Transfonnants in MM294 were screened for 
inseits, and sev^al clones bearing inseit were sequraced. LW1S6 contained 
coirect phoA promotor and leader sequences and conectly encodes for the 
humanized ''520C9-28*' heavy chain. 



20 phoA Incorporation Ahead of Huff ian^z^ J-w M ^^haii^ 

The wrong template was inadvertently used to create the "G" fragmrat ( 
"G" as in the Figure 2 scheme). The mistake was not realized until sequencing 
revealed that one of the humanized light dudn "G** firagmmts for par^ 
TSYCl 150-38 matched that of the desired fused clone. Instead of starting ov^ and 
25 creating a new "G" fragment using the correct tenq>late, the sequmced mat^ials 
were modified. Amino add alignmCTt of sequenced clones with the fused 
"520C9-38" sequence indicated that clone *'38-18" most reswbles the desired 
sequence. It contained one error at amino add 43 (m framework region 2, i.e., 
FR2), changing alanine to threonine and other errors in the constant region. 
30 Overl:q> PGR was performed (see Hgure 6) to create the correctly fused 

light chain sequence by using templates which were correct for different regions of 
the variable and the constant region, and at the same time, to incorporate the phoA 
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junction. pSYC1087 was used as the phoA template. "08-11" was used as a 
template for FRl, CDRl, and ER2 because it possessed the conect aniino acid, 
threonine, at position #43. "38-18" was used as the template for FR2, CDR2, 
FR3, CDRSr and FR4. Another clone, "38-17'' was used as template for the FR4 

: ) and the constant region. Existing primeis were used to create products which 
would anneal to each other in second and third round ext^isions. Prim^ W, 
LWOl, and light chain junction primes Y, LW17, were used to amplify 
pSYC1087. Light chain junction primer X, LW16, and dLC27 amplified "08- 
ir\ CLC27 was described earlier and dnneals ta FR2 and CDR2 regions. 

1 3 CIjC26 and CLJC2Q amplified "38-18". CLC26 anneals to GDRl and FR2, while 
CLC29 anneals to FR4 and part of the constant region. CLC30, a perfect 
complwnent to CLC29, and Z primer LW20 amplified "38-17" to provide the 
correct constant region. 

In the second round, PGR products from pSYCI087 and "08-1 1 " were 

1 5 melted, reannealed at the phoA-l*Rl junction, and extraded to create a longer 
fragment that contains correct sequrace up to CDS2. Products from "38-18" and 
"38-17" were melted, reannealed at the CIJC29-20 junction, and extraded to form 
a longer fragment, wMch contains sequence from CDRl to the end of the constant 
region. The latter second round fragmrat carries the incorrect amino acid #43^ 

20 alanine, from its parent "38-18", and is the source of the problem for the final 
extmsion stq). The two second round products melt and anneal at a large region 
encon^>asdng CDRl, FE(2^ and CDR2, and extend to potentially form the final 
phoA-humanized light chain product. A problem occurs because th^ are two 
templates for aniino add residue 43, wh^ one mcodes for threonine and the 

75 other, for alanine. Because at least half of the templates for that position are 
incorrect, the same proportion of the final products will alsa bear that eiror. 

The PCR products were digested with and Xhol and were ligated 

mto a pBR322 based vector, shnilar to the one for the heavy diain, but minus the 
KT3 tag sequence. Transfonnants in MM294 were screened by colony PCR and 

: 0 by miiqnq) restriction analysis, and potential candidates were sequenced. Clone 
LW206 contains the correa phoA promoter and leader sequence, and correct 
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variable and constant region amino acid sequence for humanized **S20C9-38'' light 
chain. 

pxamplff ft 
Constniction of Humanized Fab 
Plasmid from humanized heavy chain in tte phoA e3q)ression vector, 
pLW144, was cut with Nsil and Xhol and purified. Sq>arately, a PCR reaction 
was performed, using clone LW206 as traiplate, to add a Nsil site ahead of the 
phoA leader sequence. Restriction digest of the PCR product with NsS. and Xhol 
resulted in a fragment of approximately SOObp ready for cloning behind the heavy 
chain V gene. Ligation and transformation (TLW170) into MM294 E. coU host 
resulted in a large number of inseit-bearing clones. Clones TLW170-1 and 
TLW170-3 were sequenced and confumed to contain correct phoA, heavy chain, 
the KT3 tag, and light chain sequences. 

Example 7 

15 Parification tyf J^nyn^mr iui S20C9 E. Coli Expressed Fab 

One liter of cell culture E. coU strain TLW170-1 was inoculated and 
induced for e?^ression of the plasmid encoded proteins for about 8 hours. 

Low Phosphate Induction: 

A tube or flask containing Hi P medium [High Phosphate Medium (Hi P): 

20 = Low phosphate medium with 10 mM in KH2PO4 was inoculated with a colony 
of the cdls to be induced and grown at 30^C overnight on a shaker. Cells were 
collected by centrifugation and washed 2X in equal volumes of Lo P medium 
[Low Phosphate Medium (Lo P): IX MOPS, 0.4% ghicose, 0.15% vitamin free 
casamino acids (LS9), 2 figlml Bl (thiamine), 0. 1 mM EH^04, antibiotic 

25 (ampiciUin, 5C^1(X) fig/ml] and resuspended in low phosphate medium (10 

mis/tube). The cells were resuspended in the original volume in Lo P medium 
and then diluted 1:50 into fresh Lo P. The cells were incubated at 30^C for > 6 
hrs to overnight on a shaker. The cells should achieve a final A^ of 
approximately 1. 



5 



0 
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CgBis were removed by cratrifiigation at 10,000 ipm for 30 min. and 
washed once in 50 ml of PBS/NaNj. They were stored at -2^C. 

The pellets were tesuspended into EBS/NaN3, otie pellet into 25 ml and the 
second pellet 40 niL The first was reftozen at -20'*C and thawed at 37''C a total 
5 of four times including the inidal thaw. The second pellet, was sonicated four 
times of two minute duration. Both the fceeze/thaw and sonicatidn mixtures were 
cratrifnged at 10,000 ipm for 30 minutes. 

The following samples were saved for analysis by ELISA: A-cells in 
growth media» B-gn>wth media fiom the first centrifiigation, C*first centrifugation 
: 0 pellet EBS/NaNS wash, D-fteeze/thaw pellet, E-fteeze/thaw supernatant (25 ml), 
F-sonication pellet, and G-sonicadon supernatant (40 ml). 

An SDS-PAGE nonredudng gel analysis was pezformed on samples A 
through G. Coomassie Blue staining indicated some Fab in samples A, D, E, F, 
andG- A c-^rbB-2 EIISA of firactions A thn)ugh G indicate activity in A, D, E, 
5 F, and G. However, the activity in fraction E was found to be higher than G. 
Similar purification procedures performed on 520C9 (non-humanized) e?q>ressed in 
E. also found the highest level of anti c^^B-2 activity in fraction E. 

To isolate Fab (containing the KT3 tagged H chain), a 2ml affinity column 
of Protein G Sq)han)se KT3 was washed with 3 cohimn volumes of 0. 1 M 
20 NajCOst pH 10.5, and then a large vohmie of FBS/KaNj. A sample of each 
supernatant (20 ml of E and 35 ml of G> were sqvarately passed over the same 
column. After the sample loading was complete the cohmm was washed with 10 
ml of PBS/NaNj which was added to the flow-thnni^ volume. The matmal 
bound to the column was ehited using 10 ml of 0.1 M Na^CO^, pH 10.5. The 
25 eluale was immediately neutralized and the protem concratration determined using 
K^ce Coomassie reag^ the sonicated eluted material fiom sainple gave a 
concentration of 28 fig/^ml and the freeze/thaw sample gave 7 fig/ml. SDS-PAGE 
. analysis of the starting material, the flow through, and the ehiate, shows there is 
still a large amount of the Fab in the flow through of both the freeze/thaw and the 
30 sonicated procedures. 
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Renaturarion Stu dies of Fab Produced in E, CoH 
ReiiatunttioD of Fab produced in g. s&U was successfully peifonned using 
procedures described in Buchner and Rudolph, Bio/Technolopv 9:157-162 (1991). 

5 Using conditions described as optimal by Bucbn^ and Rudolph humanized S20C9 
Fab (TLW170-I) wifli binding activity to c-erbB-2 has been produced. 
Furthermore, activity in the crude extract was obtained in the absrace of 
denaturation/renatuxation for two versions of the humanized S20C9 Fab (from 
clones 170-1, 169-1). 

10 Methods 

E. £oI| were grown overnight in 25 mis of HiP medium. The cells were 
harvested by centriiugation (10 minutes, 6,000 rpm in two IS ml tubes), washed 
once in low pho^hate medium. The cells contained in 1 tube (equivalent to 12.5 
mis of the HiP medium) were used to inoculate the low phosphate culture, which 

15 was grown at 30*^C for 7 hours. The ceUs were harvested by centriiugation and 
combined into one 50 ml centrifuge tube. The cells were either frozen at -20^C 
overnight or treated with lysozyme. 

The freshly collected or thawed cells were resuspended in 50 mis of 0. 1 M 
Tris CI, pH 7.8 containing 20 mM EDTA and 0.5 mg lysozyme/ml at room 

20 temperature for 1 hour. The lysed cells were centriiiiged at 20,000 rpm for 25 
minutes and the 5q)^iiatant stored frozen until they were assayed. Breakage was 
evident by the gel-like nature of the susprasion. The pellets were washed with 50 
mM Tris CI, pH8, containing 20 mM EDTA. Sonication of one batch was used at 
this stage to break up the pellet and provide beXbst extraction. 

Z5 The pellets were resuspended in 50 mM Tris CI, pH 7.8, containing 1 % 

Triton X-lOO, 0.5 M NaCI, and 20 mM EDTA. The pellets were collected by 
centrifiigation and washed twice with 50 mM Tris CI, pH 7.8, containing 20 mM 
EDTA. To the drained pellets were added 0.1 M Tris CI, pH8, containing 6 M 
guanidine HQ, 0.3 M ditfaiothreitol, and 2 mM EDTA. The suspension was 

30 vortexed occasionally at room temperature for 1 hour and the pellet collected by 
centrifiigation at 40,000 rpm for 15-20 minutes. The pellet was reextracted with a 
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smaller volume of deoaturant in ne experiment. 

The protein concentration was detennined by Bradford analysis. SDS- 
PAGE was run on the samples with and without reduction to detennine the purity 
and tevd of e)q)iession of Fab. 
5 Senaturatipn was achieved by dilutmg the guanidine/DTE solution of Fab 

into O.I M Tris Q, pH 8.2, containing 2 mM EDTA, 0.2 M L-argmine, and 2 
mM oxidized ghitathione. The final. dilution of the Fab was 1:100, which 
produces a final comrentration of 3 mM DTE in the redox system. The 
renaturadon buffer was brought to U ^'C before diludon was made. 

0 Results and Discussion 

Time Dependence of Renamration of Pell^ F : 

A i>ellet (F) (see section VI for d^ails)^ produced fiom 170-1 humanized 
S2QC9 Fab in E. coli was extracted with guanidine and DTE and rraatuied as 
described above. The total protein concentration in the renaturation buffer was 35 

5 and 18 /ig/nd. Because the pellet during washii^ looked as if two layers were 
bemg sq>arated during centrifugation, an attenq>t was made to separate thrai, 
resulting in two fractions. SDS-PAGE analysis did not indicate any differmces 
between the two fractions. 

To enable alt of the assays to be done at once, dilutions from the 

20 guanidine/DTE solution of Fab (store at room temperature) w^ made at various 
times and renaturation started at 11 ""C (lO^C was intended)* rautions w^ 
performed by adding 100 ftl of Fab/guanidine/DTE solution to 10 mis of 
renaturation buffer (which had been stored in the r e fri g er ator)^ Aft^86 hours of 
lenaturation, the samples were all assayed at the same time. The staggered times 

25 of rraiaiuration were 86, 74.5, 3S.5, 16.5 and 0 hours of rraaturation. The buffer 
control produced no signal. Activity was detected in all samples. Ibebest 
recovery of activity was sera with tiie longest time of rraiaturation. Because no 
positive control was possible, the extoxt of die recovery of activi^ could not be 
estimated. 

30 These samples w^ assayed again about 3 days later. The activity was 
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again observed, but there was less difference betwera the shoitest and longest 
times of renaturation. This was expected as all of the molecules reached the 
"plateau**, region described by Buchner and Rudolph. 

These experiments demonstrate that rraumuation of Fab produced in E. coU 
S was possible and tiiat the humanized version of S20C9 refolded and was active. 

Concentration of 'T ime Dependence" Samples : 

About 6 days after the start of the renaturation studies, all the samples were 
pooled and concentrated on a stirred ultrafiltration device. The concentrate was 
stored at 4°C, and became cloudy. 

0 Renaturation of Pellet F: 

Most of the guanidine/DTE solution of pellet F was left after the tune 
dq)endence studies described above. Therefore, the remainder was diluted 1:100 
into renaturation buffer and incubated at IPC. EUSA assays revealed activity. 

Renaturation of TLWHM: 
S The cells from SOO mis of medium induced for 7 hours at BO^'C were 

treated with lysozyme and the supernatant collected by centrifiigation. The pellet 
was extracted with 4 mis of guanidine/DTE. Because of the presence of DNA, 
the pell^ resembled rubber before extraction. Bradford arudysis showed that the 
amber colored 40,000 rpm supernatant contained 3.2 mg of protein/ml. Tlie 

20 protein was diluted into 340 ml of renaturation buffi^ and incubated at ll^'C. C- 
erbB-2 binding activity was observed by ELISA. 

SDS-PAGE showed that little or no 50,000 MW Fab in the pellet was 
extracted by SDS sample buffer that did not contain reducing ag^ However, a 
strong band having a molecular wei^ of about 25,000 was obtained when the 

25 pellet was extracted with SDS in reducing agent. 



Comparison of Humanir ed and Murine Fabs : 

169-1 and 170-1 are two different versions of humanized 520C9 Fab; 46-1 
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is themuniie520C9Fa&expiessed inE. Extnicdoii of the cells obtained 
from 500 mis medium with 1 ml of guanidine/DIE gave total protein 
concentiations (measured by Bradford assay) of 2.78, 3.81, and 5.22 mgAml, 
respectively. Ejctracdonof diereniainingpeU^ witban addMonaIO.75 ml of 
S guamdine/DTE gave concCTtrations of 2.72, 1.92, and 3.32 mg^ml, r&spectively. 
Tbe total samples (L75 ml) were dilutpd separately iitto 175 mis of r^iaturation 
buffer and incubated at ll^'C. Qj^binding acdvi^ was observed with all tbiee 
samples. 

Extraction of the pellet with SDS without redudng agent did not solubilize 
10 Fab produced by 169-1 and 170-1; however, the murine Fab, 46-1, was 

solubilized. AH fhree Fabs were solubilized by SDS containing reducing agent. 

Isolation of Fab : 

The initially r^olded Fab pellet, TLW 170-1 (which was concentrated to 
about 5 mQ, developed: some tutbidity after concentration. A one ml sample was 

15 dialyzed against 20 mM Ttis Ct, pH 83,. ovenigfat at 4^C, The sample was 
cratrifuged at 100,000 x gfor 30 minutes and the supernatant separated by 
chromatography using a Poios strong anion exchange column (0.5 ml fractions 
coUectecQ. When the sample was originally concentrated (before the tuibidity 
developed), the total protein concentration was 240 fcg/ml and when analyzed by ' 

20 nonredudng SDS-PAOB gel ttie Fab was just haiely visible with Coomassie 

staming. By estimating the pioiein concentration based on the intensi^ of staining 
theyield of Fab wasdetemiinedto be aboutSO ;ig/ml» the entire sample was 
injected onto the anion exchange cohmm and developed with a NaQ gradient in 20 
mM Tns Ct buffer, pH 8.3. Peak tubes were analyzed by SDS-PAGB with silver 

25 stain. A murine F^b generated by p^»in digestion was used to identify the 

relative chromatogr^hic^dution time. However, gel analysis fsdl&l to show any 
FAb band in any of the peaks. An additional sample, however, showed good 
activity on the SKBr3 TNN plate coat assay. 

Thus, both murine and humanized 520C9 Fabs are active and can be 

30 renatnied from gnanidine in a redox system. 
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Large samples of £. £sM\ expressing murine S20C9 (46-1) have been 
grown at lower tempeiatures (23** and 27 ''C) to increase the amount of soluble 
Fab. A. 10 liter sample was induced and grown at 27^C beSore the cells were 
collected. The perq>lasmic space was opened to release the soluble, secreted Fab 

5 localized to the p^^lasmic space. This material contained acdve, soluble Fab, as 
measured by SDS-FAGE and FT ISA. The Fab obtained from the pei^lasmic 
space was concentrated and analyzed before it was passed over a column of 
immobilized c-eibiB-2 extracellular domain. The colunm was washed and then 
eluted with a high concentration of LaCl (3.SM). From one-tenth of the 

10 "pei^Iasmic Fab**, about 400 fig of Fab was recovered. Fab that was not retained 
by the c-eibB-2 column was not active when assayed by a SDS-PAGE western 
blot. 

Analysis of the murine 520C9 Fab (46-1) recovered from the affinity 
chromatogn^hy column showed essentially the identical results whra compared to 
IS a proteolytically produced sample of S20C9 Fab in an ELISA assay* Iheiefore, 
it aq)pears that the association constant of the recombinant Fab is the same, or 
nearly the same (within experimental enor), as the Fab made from intaa S20C9 
antibody produced in ascites cells. 

Example 9 

20 Assays on Remmhinant Hu manized S20C9 Fah 

The purpose of these e)q)mments was to determine if humanized 520C9 
Fab pressed in £. ss& is cqiable of bmding c-eibB-2. 

Triplicate of uninduced and induced £. £^ samples containing 
humanized S20C9 Fab (not refolded) were itm on non-reducing SDS PAGE and 

25 western blotted ontt) a membrane. Two s^ were probed with HRP-monoclonal 
anti-human kappa chain or with HRP-KT3, Le., an antibody specific to the 
oligopeptide aiKl TPFPEFET conjugated to horse radish peroxidase. A third set 
was probed with c-erbB-2 ECD-HRP. ECD-HRP is horse radish peroxidase 
conjugated to an antibody specific for c-erbB-2 (Nu2) BCD, an extracellular 

30 domain (BCD) of c-erbB-2 e^qiressed in a secr^ form from baculovinis infected 
SF9 insect cells (the Nu2 construa has the TPPPEPET polypq)ti€fe sequrace 
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repladtig the transmembiaBe domaia of c-eibB-3. A number of nonspecific bands 
developed in both uninduced and induced lanes. One additional band with near the 
expected.mobility for Fab may have developed only in the induced lanes, but was 
so close to anoAer nonspecific band that it could be seen only as a widening of the 
lane. 

Fab firagm^ gyrated from non*spedfic human IgG was bound direcdy 
to PVC microtiter wells and probed with Zymed~ goat anti-human antibody. 
Some signal was seen, but the signal was weak at the probe dilution used on the 
humanized Fab samples. 
1)D To avoid the uncertainties of using the goat anti-human probe, an ELIS A 

was perfonned using wells coated with SK-Br-3 INN cell extraa^ this extract is a 
source of cell pressed c-eibB-2 that does not bear the KT3 tag pq}tide. The 
presence of E. coli produced Fab bound to the cell detract was detected with KT3- 
HRP. A reassay of humanized Fab san^Ies^ with this protocol showed activity in 
ijS various fractions, with the hi^iest activity in the fteeze/tfaaw supernatant Active 
Fab could not be quantitated in absolute l^nhs for lack of a purified standard. 

Refolded samples containing humanized S20C9 Fab were assayed with the 
SK-Br-S TNN/KT3-HRF EUSA. Samples showed over a ten-fold increase in 
activity that occurred aft^ 86 hours of refolding. 
^0 The refolded samples were reassayed with the same EUSA after an 

additional three days refolding time. Some furtfier increase in activi^ was seen, 
but the ELISA curves flattraed* Some samples refolded for longer times showed 
less acdvity; tiiis could have been caused by proteolytic degradation among other 
causes. Sanq>les from humanized clones 169*1 and 170-1 wm active. 
is Humanized 520C9 Fab from both clones (169-1 and 170-1) is active. 

Refolding can increase activity more than 10- fold. 

Biolorical Deposits 

On March 24, 1992, i^licants have dq)osited with the American Type 
Culture CoUection, RockviHe, Md., USA (ATCC) the plasmid pLW187, described 
io herm ATCC accession no. 68942. This dq)Osit was made under the provisions 
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of the Badapest Tteaty on the InteroatioDal Recognition of the Dqposit of 
Micnx>rganisms for the puiposes of patent procedure and the Regulations 
therwinder (Bud^)est Treaty). This assures maintenance of a viable culture for 30 
years from date of dq>osiL The organisms will be made available by ATCC 
5 under the terms of the Budq)est Treaty, and subject to an agreement b^een 
Applicants and ATCC which assures unrestricted availability upon issuance of the 
peitinwit U.S. patrat. Availability of the deposited strains is not to be constnied 
as a license to practice the invention in contravention of the rights granted under 
the authority of any goveromrat in accordance with its patent laws. 

10 Bquiva^pnts 

All publications and patents motioned in the above specification aie herein 
incorporated by reference. The forgoing written specification is considered to be 
sufficient to enable one sIdUed in the art to practice the invention. Indeed, various 
modifications of the above-described modes for carrying out the invention which 
15 are obvious to those skilled in the field of molecular biology or related fields are 
intended to be within the scope of the following claims. 
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WBCXAIM: 



U An immunoglobufiii comprisuig, a humanized vaiiable region, 
wbeiein said variable region is a member of a functional pair of variable regions 
specific for binding to c-eibB-2. 

2. An immunoglobuiin according to claim 1^ said immunoglobulin 
further comprising, at least a portion of a human immimoglobulin constant region. 

3. An immunoglobulin according to claim 2, wherein said constant 
region is a complete constant region. 

4. An immunoglobulin according to claim 2. wherein said humanized 
variable region and said constant region are of the same chain type. 

5. An immunoglobulin according to claim 4, wherein said chain type is 
heavy chain. 

6. An immunoglobulin according to claim 4, wherein said chain type is 
light chain. 

7. An immunoglobulin molecule according to claim wherein said 
inmiunoglobulin further comprises in operable combination, a leader sequence. 

8. An immunoglobulia according to claim 2, said immunoglobulin 
further comprising in op^able combinarion, an oligopeptide tag> wherein said tag 
is joined to said constant region. 

9. A muM-polypeptide immunoglobulin, comprising an 
immun globulin according to claim 1. 
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10. A multi-polypqitide immunoglobulm according to claim 9, 
comprising in operable combination, 

a) a first immunoglobulin molecule comprising, a first humanized 
variable region, wherein said variable region is a memb^ of a 
functional pair specific for c-eihB-2, and 

b) a second inmmnoglobulin molecule comprising, a second humanized 
variable region, wherdn said second variable region is a m^ber 
of the same functional pair as said first immimoglobulin variable 
region. 

11. A multi-polypeptide inununoglobulin according to claim 10, whexein 
said first immunoglobulin molecule futth^ comprises a first constant region, and 
said second immunoglobulin molecule fuither comprises a second constant region. 

12. A mutti-polypq>tide inununoglobulin according to claim 11, wherein 
said first constant region of said is a heavy chain constant region, and said second 
constant tegion is a light chain constant region. 

13. An immunoglobulin according to claim 12, wherein said fiist 
variable region and said first constant region belong to the same chain class, 
wherein said second variable r^on and said second constant region belong to the 
same chain class. 

14. A muhi-polypqytide immunoglobulin according to claim 12, said 
aggregate furtb^ conq>rising a therq)ratic moiety. 

15. A multi-polypq>tide immunoglobulin accordmg to claim 14, wherein 
said tfaeRq)attic moiety is selected from the group consisting of, toxins, 
radionuclides, radio-opaque imaging compounds, enzymes, drags, and pro-drags. 
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16. A nudeodde sequ^ice, said nucleotide sequence eacoding a first 
humanized variable region sequrace, wheidn said variable region is a member of 
a functional pair specific for c-eihB^Z. 

17. A nucleotide sequmce according to claim 16, said sequence further 
comprising at least a portion of a human constant rpgion^ 

18. An e?q»ession vector, said vector comprising in op^able 
combination, a promoter sequence^ opetably jomed to a nucleotide sequence 
according to claim 16. 

19. A nucfeotide sequence conqmsing a first nucleotide sequence 
according to claim 16, a second nucleotide sequrace according to claim 16, 
wberdn when the variable regions racoded by said nucleotide sequences of form a 
functional pafr spedfic for e-eibB-^2. 

2Q. A thec!9>axtic composition comprising, an effective amount of a 
multi-polypeptideinununoglobulin according to claim 9. 

21. A ceUtransformed with a vector according to claim 18. 

22. A metiiod of drtecting cardnoma cells, said m^hod comprising the 
step of, admimstering a con^und according to claim 1 to a patiat; 

23. Amethodof treating a canc^ patient, said method coxnprisifigth^ 
stq> of administering a compound according to claim 1 to said pati^ 
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COMPLETE NUCLEOTTOE SEQUENCE OF 
lUMANIZED ANTI-erbB2 520C9 Fab LW218 [H-2S;L-38] 
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PRIMERS FOR INTRODUCING ANTIBODY SEQUENCES 
INTO A pBR BASED EXPRESSION VECTOR 
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